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5.2.4 Design Criteria for Foam Monitors and Handlines. 
5.2.4.1 Limitations. 

5.2.4.1.1 Monitor nozzles shall not be considered as the primary 
means of protection for fixed-roof tanks over 1 8 m 
(60 ft) in diameter. 

5.2.4.2.2* The design parameters for the use of monitors and 
handline nozzles to protect tanks containing hydrocarbons 
shall be in accordance with Table 5.2.4.2.2. 

5.2.4.3.2* For liquids of a depth greater than 25.4 mm (1 in.), 
monitor and foam hose streams shall be limited for use with 
special alcohol-resistant foams listed and/or approved, for the 

purpose. 

5.2.4.4 Design Parameters. Where monitors and handline 
nozzles are used to protect tanks containing flammable and 
combustible liquids requiring alcohol-resistant foams, the operation 
time shall be 65 minutes at listed application rates, 
unless the foam manufacturer has established, by fire test, that 
a shorter time can be permitted. 

Table hJ^AM3 Foam Handline and Monitor Pn>teNcdon for Fixed-Roof Storage Tanlui 
Concaioiag Hydrocarbons 


Mmifntim Appiicadoa Raie 

• Minimum Discharge 

H^tlrocarbon Type L/min na^ gpm/h' Time (min) 


Fliish pohn between 
<^00^F and 

6.5 

0.16 

50 

t40'F} 

Fliish point b^ilovr 
:5?.S^C<I00'^F} or 
liquids healed 
above their flash 
points 

Crude pctroleuin 

6.5 

0.16 

65 

6.5 

0.1& 

6b 


i \ ) IfLcItided in ciiis iiible are g;acihi>Js and anieaded gasoflries coniainrng co mote thm 10 perafm osscygen- 
aied addtm^ by whiJiie. Where oxygenattjd addiiixMJS comem exceeds JO pef<ceni by vc^unie, procecuort is 
normally iin accordance Gert2Liis ftonaUiohoi^essianc loams msgtn be suitabr^ for us& uiih fuieis 

ajinainliiu ox}^enaiird addiiives of mof g tfian 10 penrenc by \T)!;ijnti>. lite manua^rer should beoonsulted 
for speciTic lisurtgs or appiovab. 

{2) flamiJUible Hqmh ha^inj* a btnling fjoifiE f:>f less ihm S7.§^C (iOOT) might retiiufe higher mtiits of 
appJscaiiort Suiiabfe raics of applicHiiort should be detemiinccS by mnu Ilajsnmable liqmds mib. a wide range 
of MJii ig pmnis mli^hi iics eiop a heat laver after prolonged burni«g afKl then, can require appttcaacHi rates 
of J iy n:>m-iir (Q.2 gpm/fi^) or more:. 

(S) C:uc shoulfl hv. uken in ap[i3>ing porEabic ftiain t^ircaisis to higti-viscosity niiiicrials hcsaiecJ :ibOTe Q-^.S^C 
(2C'0''F). Gfiodjudgmttfit should be usetj in appfytng foam co tanks con lalning hat oils, Lmfnlng as phalli, or 
bumsng liquids diai have a boiling poini atjove the boiling point of \V3£ef» Ahhoygti die cornparaiively loiv 
^•aier oonueoi of foajns car< bc;nefit:ially cool su£h fuels at a slow face, h can aiiso cause violei-ji frothing arid 
**slop over" of ihe cajik's comeoa. 


5.3.7 Foam Monitor Design Criteria for Seal Area Protection. 
Monitors shall not be used as the primary means of floating 
roof seal fire extinguishment because of the difficulty of directing 
foam into the annular space and the possibility of sinking 
the roof. 

A.5.2.3 The requirements provided in this section are based 
on extrapolations of test experience and appropriate listings 
and reflect the limitations known to date. 
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A. 10.6 ITie rate of concentrate consumption can be mea- 
sured by timing a given displacement from the foam concen- 
trate storage tank but only in systems where the storage tank is 
small enough and the test run time is long enough so that this 
can be accomplished with reasonable accuracy. 

A. 10.6.3(2) The rate of concentrate flow can be measured by 
timing a given displacement from the storage tank. Solution 
concentration can be measured by either refractometric or 
conductivity means (see Section C.2), or it can be calculated 
from soludon and concentrate flow rates. Solution flow rates 
can be calculated by utilizing recorded inlet or end-of-system 
operating pressures or both. 


A.11.1 Flushing of the concentrate pump might be neces- 
sary at periodic intervals or following complete discharge of 
concentrate. 

A. 11.2 Regular service conti-acts are recommended. 


Annex B Storage Tank Protection Summary 

This annex is not a part of the requirements of this NFFA document 
but is included for informatimal purposes only. 

B.l See Table B,l, 


Table B.l Storage Tank Protection Summary 


Fixed-Roof (Cone) Tanks and Pan-Type Floating Roof Tanks 


Applicable Floating Roof Tanks 
(Open-Top or Covered) Annular 
Seal Area 


Top Side Foam Application 

Number of foam oudets Up to 24.4 m (80 ft) dia. 
required 

24.7 to 36.6 m (81 to 120 ft) 

dia. 

36.9 to 42.7 m 

(121 to 140 ft) dia. 

43 to 48.8 m (141 to 160 ft) 
dia. 

49.1 to 54.9 m (161 to 
180 ft) dia. 

55.2 to 61m (181 to 200 ft) 
dia. 

Over 61.3 m (201 ft) dia. 


Hydrocarbon 
application rates 


Polar solvent rates 

Hydrocarbon discharge 
times 


(See Table 3. 2 A. 2 A,) 

4,1 L/min-m'^ (0.10 

gpm/ft^) of liquid surface 
(SeeTabU5.2A.2.2,) 


See Manufacturer's 
Approval Report. 


1 foam chamber 

2 foam chambers 

3 foam chambers 

4 foam chambers 

5 foam chambers 

6 foam chambers 

1 additional for each 465 m'^ 
(5000 ft^) 


1 for each 12.2 m (40 ft) of 
circumference with a 
304.8 mm (12 in.) high foam 
dam 

1 for each 24.4 m (80 ft) of 
circumference with a 
609,6 mm 

(24 in. high foam dam) 
(See 5.3,3. 1 and Section 5.4.) 


12.2 L/min-m*^ (0.30 gpm/ft^) 
of annular ring area, above 
seal, between tank wall and 
foam dam (See Section 3.3.) 

Not covered by NFPA 1 1 


Polar solvents 



Type I 

Type 11 


Flash point 37.8X to eO^'C 

20 min 

30 min 

20 min 

(100°Fto 140°F) 




Flash point below 37.8X 

30 min 

55 min 


(100°F) 




Crude petroleum 

30 min 

55 min 

(See Section 5.3.) 

Type 1~" 

30 min 


Nor covered by NFPA 1 1 

Type 11 

55 min 
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Table B.l Continued 


Fixed-Roof (Cone) Tanks and Pan-Type Floating Roof Tanks 


Applicable Floating Roof Tanks 
(Open-Top or Covered) Annular 
Seal Area 


Foam Outiets Under Floating Roof Tank Seals or Metal Secondary Seal 

Number required Not applicable 


Hydrocarbon 
application rates 


Not applicable 


Discharge times 


Polar solvents 


Not applicable 


Not applicable 


Foam Handlines and Monitors for Tank Protection 


Size of tank 


Hydrocarbon 
application rates 


Discharge times 


Monitors for tanks up to 

18.3 m (60 ft) in 

diameter 
Hand hoselines for tanks 

less than 9,2 m (30 ft) in 

diameter and less than 

6.1 m (20 ft) high 
(See5,Z2,L) 
6.5 L/min-m^ (0.16 

gpm/ft^) (See 5,2.2.2, 

3.2.2r3, and5.2,2A.) 

Flash point below 37.8'C 

(lOO'F) 
Flash point 37.8°C to eO'^C 

(lOO'F to 140"F) 
Crude oil 
(See5.Z2,3.) 


65 min 
50 min 
65 min 


Mechanical shoe seal 

1 — For each 39.6 m (130 ft) 
of tank circumference (no 
foam dam required) 
Tube seal — Over 152 mm 
(6 in.) from top of seal to top 
of pontoon with foam outiets 
under metal weather shield or 
secondary seal 

1 — For each 18.3 m (60 ft) of 
tank circumference (no foam 
dam required) 
Tube seal — Less than 
152 mm (6 in.) from top of 
seal to top of pontoon with 
foam outlets under metal 
weather shield or secondary 
seal 

1 — For each 18.3 m (60 ft) of 
tank circumference [foam 
dam at least 305 mm (12 in.) 
high required] (See 5 3.5.4.) 

Top-of-seal protection with 
foam dam at 12.2 L/min-m'^ 
(0.30 gpm/ft^) of annular 
ring area. All below-the-seal 
with or without foam dam at 
20.4 L/min-m^ (0.50 
gpm/ft^) 

20 min — with foam dam or 
under metal weather shield 
or secondary seal 

Not covered by NFPA 11 


Monitors not recommended 


Handlines are suitable for 
extinguishment of rim fires 
in open-top floating roof 
tanks 

(See 53.4.) 

6.5 L/min«m2 (0.16 gprn/ft") 
For rim fires in open-top 
floating roof tanks (See - 
5.2.2.2, 5.2.2.3, and 5.2.2.4.) 

Use same times as for open-top 
floating roof tank rim fires 
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Table B.l ConHnued 




Applicable Floating Roof Tanks 




(Open-Top or Covered) Annular 


Fixed-Roof (Cone) Tanks and Pan-Type Floating Roof Tanks 

Seal Area 

Subsurface Application Outlets 



Number required 

Same as table for foam 


Not recommended 


chambei*s. See above. 




(See 5.2.4 J, 5.2.4.2, and 




5.2.4.2.1.) 



Hydrocarbon 

Minimum 4.1 L/min»m^ 


Not recommended 

application rates 

(0.1 gpm/ft^) of liquid 




surface 




Maximum 8.2 L/min-m^ 




(0.2 epm/ft^) 




Foam velocity from outlet 




shall not exceed 3.05 m 




/sec (10 ft/sec) for Class 




IB liquids or 6.1 m/sec 




(20 ft/sec) for all other 




liquids (See 5.2.4.2 and 




5.2.4.3.) 



Discharge times 

Flash point 37.8X (lOOT) to 

30 min 

Not recommended 


60°C (140T) 




Flash point below 37.8°C 

55 min 



(100°F) 




Crude petroleum 

55 min 



(See 5.2.4.3.) 



Polar solvents 

Not recommended 


Not recommended 


For SI units: 1 gpm/ft^ = 40.746 L/min-m"; 1 ft = 0.305 m; 

1 ft^ = 0.0929 m^; ) in. = 25.4 mm; "^C = T-32/1,8; 1 ft/sec = 0.305 m/sec. 


Annex C Tests for the Physical Properties of Foam 

This annex is not apart of the requirements of this NFPA document 
but is included for informalional purposes only. 

C. 1 Procedures for Measuring Expansion and Drain^e Rates 
of Foams. 

C.1.1 Foam Sampling. The object of foam sampling is to ob- 
tain a sample of foam typical of that to be applied to burning 
surfaces under anticipated fire conditions. Because foam 
properties are readily susceptible to modification through the 
use of improper techniques, it is extremely important that the 
prescribed procedures be followed. 

A collector is designed chiefly to facilitate the rapid collec- 
tion of foam from low-density patterns. In the interest of stan- 
dardizati on, it is used also for all sampling, except_ where 
pressure-produced foam samples are being drawn from a line 
tap. A backboard is inclined at a 45-degree angle suitable for 
use with vertical streams falling from overhead applicators as 
well as horizontally directed streams. [See Figure C.1.1 (a) and 
Figure C.1.1 (b).] 

The standard container is 200.67 mm (7,9 in.) deep and 
99.06 mm (3.9 in.) inside diameter (1600 ml) and preferably 
made of 1.55-mm (V^e-in.) thick aluminum or brass. The bot- 
tom is sloped to the center where a 6.4-mm (14-in.) drain fitted 
with a 6.4-mm ('4-in.) valve is provided to draw oflF the foam 
solution . [See Figure C.l. 1(b).] 



FIGURE C. 1 . 1 (a) Foam Sample Collector. 
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CHAPTER 2 


Chemical Extinguishing Agents and Appiicaton Systems 17-19 


^si'^as alone. Coarse powders cause excessive surging, low 
gjlptes, and will require larger expellant gas quantities. Fine 
will produce similar results but not to the same degree, 
cie size is also responsible for the aerodynamic drag phe- 
^'eh^on (AJDP). The momentum gained by larger particles will 
n^rt snialler particles to penetrate the .updraft of a flame. 
JiHariiy, smaller particlfes would deconipose orrvaporize prior 
sfetration.^ Underwriters Laboratories Inc. (UL) and Fac- 
rt^utual Research Corporation listings and ratings are.based 
onith^^^pecified use; of the particular type of dry. cheniical set 
g)|the equipment manufacturer. 

J 

Mguishing Properties 

^Introduced directly to the fire area,- drv che mical causes 
tinfiishnient ahnost at once . Fire tests on flammable liquids 
IKown potassium bicarbonate-based dry chehiiical to be 
Infective than sodium bicarbonate-based dry chemical 
extinguishment. Similarly, monoanimonium ph6sphate''has 
n^und equal to or better than sodium bicarbonate in extin- 
'^ent effectiveness.* The effectiveness of potassium chlo- 
about equivalent to that of potassium bicarbonate, and 
^^^sium' bicarbonate exhibits the greatest effectiveness 
*fli^'dry chemicals tested. 

mothering, cooling, and radiation shielding contribute to 
eiexd^ uishing efficiency of dry chemical, but studies sugges t 
IT^aih-breaking reaction in tl^f fl^me is the prinripal raiiQP 
xSnguishment.^ 

f 

^Ai:Uon. I t.cannot be substantiated that the cooling ac - 
^^^j chemical is an important reason for its ability to 
Mtjyt^^^tinguish fire s. The heat energy required to decom- 
'^d^hemicals plays an undeniable role in contributing to- 
^Mlrllndividual extinguishing abilities, but the effect, per 
Bbr. To be effective, any dj^ chemical must be heat 
itiv^aiid, as such, absorb heat in order to become chemi- 
^tiye;^ 

^fianrJShielding. Discharge of dry chemical produces 
^powder between the flame and the fuel; 'this cloud 
ll||uel from some of the heat radiated by the flame. 
_ ^41uate this factor concluded d ia t the shieldin g factor 


e^g Action. For special applications, such as kitchen 
^^duct, and fryer fire protection, the extinguishing 
^i^of dry chemical is based on the process of saponi- 
Sg^nification is the process of chemically converting 
"^^idfjontained in the cooking medium to soap, or foam, 
SpUshes extinguishment by forming a surface coat- 
Setters the fire."^ 

^p produced by saponification is readily broken 
" W?^"^^ a result, because dry chemicals 

-5ff^\ substantial coolii^g effecy, the, cooking medium 
l%ter a brief period of time. It isdue to this lack of 
^^^ttg. resul tant potential for reflashing o f the cooking ^^ 
^iktry chemica Lfixtinguishing ag ents are no longer 
SPfotection of conmiercial cooking operations. Wet 


chemical extinguishing agents are currently the only agents 
listed for the protection of this hazard. 

For many years it was widely held that r e gular dry che mi- 
cal extinguishing propert ie s relied primarily on the smothering 
a ction of the carbon dioxide rel eased when sodium SrcaVBoni- 
ate was heated bv fire. T he carbon dioxiae *does"ij ndbiibi ed 1 y 
contribute to die effectiveness of dry. chemical, as does the like 
volume of water vapor released when dry chemical is heated. 
However, tests have not su p ported the beli ef that these gases are 
a maj or factor i n extinguishment. . 

Chain-Breaking Reaction. The preceding extinguishin g ac- 
tions, when combined, exert a minimal effect. The rapidiiv of 

c ^ t:« ' 

extinguishment is due "tolheliiterTefehce of the dry chemical 


particles with the oropap^tmn nt the rnmhii^t^np .-^P'" 
tion, w hich fgduCf conccnr^ ^ion of "free" radicals present 
within the flame s. To accomplish this, the dry chemical must 
^ become ther m.alEdejiomDQSg d.. 

The disc hat&e,of ,djx..chfimi £al into the flam es i)revenis^ 
reactive particles from coming togeth er and continuin g^jhe^ 
combustion chain reaction. The explanation is referred to as the 
chain-breaking mechanism of extinguishm ent.^*^ 

W hen m ultipurpose dry chemical is discharged into bum'- 
ing ordinary combustibles, the decomposed monoammonium 
phosphisite leaves a sticky residue (metaphosphoric acid) on 
the burning material. This residue seals g!owing">naterial 
from oxygen, thus helping to extinguish the fire and prevent 
reignition. 


USES AND LIMITATIONS 
OF DRY CHEMICAL SYSTEMS 

Dry chemical is primaril vjiised to extingui<;h fl^frimnhjpJjrjMiH^ 


fires. Because it is electrically nonconduciive, it can also be 
used on flammable liquid fires involving live electrical equip- 
ment. Regular dry chemical extinguishers have been tested and 
found suitable for use on flammable liquid and electrical fires 
(Class B and C fires) by fire equipment testing laboratories. 

Due to the rapidity with which dry chemical extinguishes 
flame, dry chemical is used on surface fires involving ordi- 
nary combustible materials (Class A fires). There are several 
areas in the textile industry, notably opener-picker rooms and 
carding rooms in cotton mills, where regular dry chemical has 
been used effectively. However, wherever regular dry chemi- 
cal is provided for use on surface-type Class A fires, it should 
be supplemented by water spray for extinguishing smoldering 
embers or in case the fire gets beneath the surface. In some 
baled cotton storage areas, the tops of bales can be covered 
with regular dry chemical to prevent surface spread should 
fire break out. This preventive measure does not eliminate the 
need for automatic sprinkler protection in such areas. Because 
multipurpose dry chemical becomes sticky when heated, it is 
not recommended for textile card rooms or other locations 
where removal of the residue from fine machine pans may be 
difficult. 

Dry chemicaLdoes not prbiduce a lasting inert atmosphere 
above the surface of a flammable liquid; consequently, its 


